Hydrogen embrittlement (HE) remains a formidable challenge in many high strength alloys. The ingress of hydrogen (H) can lead to a sudden loss of ductility and premature failure of the alloy. The mechanisms responsible for HE are almost entirely understood through a combination of theoretical modeling and indirect experimental observations. Direct atomic scale observations of H are lacking and promise to elucidate key processes responsible for HE.
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Atom probe tomography (APT), unique in its ability to reconstruct the position and chemical identity of millions of individual atoms in 3D from a material specimen, is currently the only technique that has the potential to directly locate the 3D distribution of H atoms at the atomic scale. However, quantification of H using APT remains challenging, due in part to the residual H always present in the analysis chamber, as well the mobile nature of the H being analyzed. To mitigate these challenges, ambitious experimental protocols involving deuterium (D) charging and UHV cryogenic sample transfer [1] are being developed. Successful detection and microstructural characterization of stable hydrides and deuterides using APT have recently been reported [2, 3] . H/D at carbide trapping sites in steel have also been shown [4, 5] . However, what remains is the characterization of solute hydrogen at other microstructural features, such as grain boundaries, where much of the damage responsible for HE is likely to be occurring.
Heavily cold-drawn pearlitic steel wires with hypereutectoid composition (Fe-0.98C-0.31Mn-0.20Si-0.20Cr-0.01Cu-0.006P-0.007S wt.%) provide an interesting case study. Recently reported to achieve tensile strengths of over 5 GPa [6] , they are among the strongest structural bulk alloys known, but nevertheless, they are susceptible to HE. A series of experiments was designed to compare the content and atomic distribution of H/D in the wires in the as-received condition, after in-situ low temperature annealing for 4 hours at 150 ˚C in vacuum and after electrochemical deuterium charging with and without cryogenic transfer. Samples were electrolytically sharpened and electrochemical charging was carried out inside a N2 filled glovebox using a potentiostat and charging cell (-1.2 V using a 0.1M NaOD in D2O solution). All specimens were run on a CAMECA ® LEAP ® 5000 XR at 60 K and 15% pulse fraction voltage pulsing. A Ferrovac ® cryogenic UHV suitcase was used to transfer specimens directly to the atom probe after deuterium charging for the final experimental workflow at pressures on the order of 10 -9 mbar and a temperature of approximately -180 ˚C in an effort to reduce the amount of charged D egressing from the specimens before the APT experiments (Fig.1) .
A significant change in the detected H/D levels after the different experimental workflows was observed (Fig. 2) . In the as-received condition, 0.08 at.% of H was measured. After annealing, only 0.02 at.% of H was measured -a dramatic reduction of 75%. It follows that the majority of H measured in the as-received condition was from the specimen and not from the analysis chamber. After annealing, the remaining H can therefore be assumed to be comprised of residual H in the analysis chamber and H contained in deep trapping sites of the steel. Interestingly, after deuterium charging without cryogenic transfer, D was still detected at the interfaces between ferrite and decomposed cementite, even after 24 days after charging. After D charging and cryogenic transfer, strong D signal was observed in the decomposed cementite regions. The results provide information of the H/D content and distribution within ultra-high strength pearlitic steel wires and important insight into the mechanisms of HE [7] . https://doi.org/10.1017/S1431927619013345 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 13 Dec 2019 at 18:34:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
